The size of the western rock lobster broodstock is variable over the range of the Western Australian fishery, due to regional differences in the density and length structure of the stock and the female's size at maturity. Management regulations do not currently discriminate in the protection afforded to the broodstock in the different regions. This study has examined whether regional and size differences in early egg diameter, phyllosoma length at hatch and phyllosoma competency, are related to lipid class and fatty acid composition, protein composition and water content in late stage eggs and early stage phyllosoma larvae. A positive relationship, particularly to phyllosoma competency, would have management implications for the protection of broodstock in different parts of the fishery. Females were sampled in three size groups captured in two sampling regions (Abrolhos Islands 60-70 and 80-90 mm CL; coastal 80-90 and . 95 mm CL). Mostly, eggs and larvae from different maternal size classes and regions were not significantly different with respect to lipid class and fatty acid composition, protein composition and water content, and larval competency. The lipid classes of eggs differed significantly ( P , 0.02) between the three maternal size-classes; fatty acids differed significantly between both eggs and phyllosoma grouped by maternal catch site and size-class ( P ¼ 0.02 and 0.003, respectively); and there was no correlation between biochemical differences and larval competency. These results imply that maternal identity and subsequent diet may have a greater influence on larval competency in P. cygnus than the maternal attributes (size and capture site) that were tested.
INTRODUCTION
Western rock lobster (Panulirus cygnus) is found only along the western seaboard of Australia, where it forms the basis of Australia's most valuable (AUD $300 million) singlespecies, wild-capture fishery. Its life cycle has been intensively researched over forty years (see reviews by Caputi et al., 2003; Phillips and Melville-Smith, 2005) . The larvae hatch in spring and early summer and spend the next nine to eleven months in the plankton, with the mid-stages being found as far as 1,500 km offshore (Phillips et al., 1979) . Late stage larvae metamorphose into pueruli and swim inshore to settle and start the juvenile phase of their life cycle (Phillips et al., 1979) . With such a long larval life covering so vast an area, it is likely that larvae from different parts of the coast become mixed in a common larval pool. This has been substantiated by genetic investigations that showed no significant stock differences in larvae caught over a wide area of the fishery (Johnson and Wernham, 1999) and by larval transport modelling, which showed that, where a puerulus settled was independent of where it was spawned (Griffin et al., 2001) . It is quite possible, therefore, that egg production from all regions of the population have an equal chance of contributing to this larval pool.
The western rock lobster fishery is heavily exploited, but management measures have ensured that egg production remains at a satisfactory level (Hall and Chubb, 2001; Phillips and Melville-Smith, 2005) . About half of the eggs are produced by the breeding stock around the Abrolhos Islands (Chubb, 1991) , a group of coral islands some 60 km offshore. The reason the Abrolhos Islands make this high contribution to egg production, despite contributing about 15% of the catch, is that the broodstock is well protected by having a size at first maturity that is well below the legal minimum size (Melville- Smith and de Lestang, 2006) .
On the Western Australia coast, size at maturity has historically been well above the legal minimum size, but a recent analysis has shown significant changes in this index over time (Melville-Smith and de Lestang, 2006) . The analysis shows that in the deep-water of many coastal areas where breeding occurs, apparent size at first maturity is now at, or below, the legal minimum size. Therefore, in addition to egg production being spatially concentrated, high exploitation rates combined with a shrinking size at first maturity, has led to smaller female size classes making a larger contribution to egg production in the fishery.
Past concerns about the state of egg production led management in 1993 to prohibit the take of female lobsters above particular size limits in the different regions of the fishery (Hall and Chubb, 2001 ). This maximum size limit is designed to increase the proportion of very large females in the population (Melville-Smith et al., 1998) .
There are numerous studies in the literature showing that at least in fish, eggs from new spawners have a lower hatching success than those from older spawners (Solemdal et al., 1995; Trippel, 1998) . Furthermore, in cod on the Grand Banks, older females spawn longer and later into the breeding season. Hutchings and Myers (1993) speculated that this extended period of spawning gives the early stage larvae from older females a greater possibility of coinciding with plankton production cycles. As in cod, large western rock lobster females carry more broods each season than do small females (Melville- Smith and de Lestang, 2005) , and as a result are ovigerous for longer during the season. The same hypothesis that Hutchings and Myers (1993) suggested for cod larvae having access to plankton cycles longer into the year may therefore equally apply to rock lobster larvae.
Positive relationships between female size and egg size have also been reported in a range of crustacean species (Attard and Huddon, 1987; Annala, 1991; Gardner, 2001 ). Larger eggs have higher energetic values (Attard and Hudon, 1987) , which would be advantageous to the survival of the hatching larvae. However this female egg-size relationship is not universal (Fonseca-Larios and BrionesFourzan, 1998; Briones-Fourzan and Contreraz-Ortiz, 1999; DeMartini et al., 2002) .
The aim of this study was to examine whether western rock lobster eggs or early-stage larvae produced at different sites or by females of different sizes, exhibit different biochemical (lipid) compositions and whether these are associated with larval survival. The outcomes are important to the future management of broodstock in terms of identifying the possible need to improve protection of females in particular regions or size classes of the fishery.
MATERIALS AND METHODS

Egg-size Measurements
The diameters of the eggs of Panulirus cygnus increase disproportionately during their development; between extrusion and half-way to the time of hatching they increase by ;4%, but thereafter increase by a further ;21% before hatching (Tennyson, 2005) . To compare the egg diameters of different sized lobsters caught at different sites, we used eggs that were, according to criteria of Tennyson (2005) , less than one fifth along the path to hatching. They were therefore well below the stage at which the diameters increase dramatically.
The eggs were collected during October and November 2004 from 211 ovigerous female lobsters of a range of sizes at four sites (Abrolhos n ¼ 44, 65.1-90.5 mm CL; Dongara n ¼ 48, 74-124.1 mm CL; Jurien Bay n ¼ 52, 74.2-121.1 mm CL; Lancelin n ¼ 67, 72.7-126.1 mm CL; see Fig. 1 ). The eggs were kept in aerated seawater until they were taken to the laboratory (, 24 h). Small numbers of eggs (50-100) were removed from the clutch of each experimental animal and placed into a Petri dish with sufficient seawater to keep the eggs moist. They were then teased apart and spread out so as not to touch each other, before being digitally photographed by a Leica DC300 camera attached to a Leica MZ7.5 dissecting microscope. The mean area of an egg was calculated from at least 25 eggs from each female. Since the eggs are generally spherical, the diameter of each egg was calculated by the formula: Diameter ¼ 2 ffiffiffiffiffiffiffiffiffiffiffiffiffiffi ffi Area=p p .
Broodstock
Early stage phyllosoma were required. For this purpose a total of 21 females with early-stage eggs and without missing or regenerated appendages, were collected from coastal sites at Lancelin (n ¼ 6; 86.8-103.0 mm CL), Dongara (n ¼ 4; 89.8-95.6 mm CL) and at the Abrolhos Islands (n ¼ 5 large; 81.4-85.7 mm CL) and (n ¼ 6 small; 64.1-69.8 mm CL) (Fig. 1) . The animals were held individually in 60 L aerated tanks with flowthrough ambient seawater under a 12L:12D light cycle and were fed twice weekly with mussels (Mytilus spp.). The eggs on each female were inspected weekly for development. When they became brown they were examined daily under a dissecting microscope at 603 magnification. Eggs hatch shortly after three rows of chromatophores become visible on the appendages of the developing embryos (Tennyson, 2005) . Accordingly, when this stage was reached, a sample of eggs (; 4-6 g wet mass) was collected from each animal for biochemical analysis. If the remaining eggs on the female did not hatch within three days of the sample being taken, the sample was discarded and a new sample collected. After collection, the egg samples were rinsed three times with 0.5 M ammonium formate, filtered and then weighed onto tared aluminium foil (; 2 g each for lipid and protein analysis). The samples were then individually wrapped in aluminium foil and snap frozen in liquid nitrogen for storage at À808C.
Phyllosoma
Standpipes in each 60 L holding tank were covered with 1000 lm mesh to prevent the loss of phyllosoma between hatching and sampling. Upon hatching, phyllosoma were scooped from near the surface of the tank and concentrated by pouring over a submerged 1000 lm screen. When the hatching was partial, only phyllosoma from the second day of hatching were collected and used for subsequent trials. This was to be sure that the appearance of some larvae in the tanks was not simply a premature hatch by just a small part of the brood. The collected phyllosoma were rinsed with filtered (1 lm mesh), UV-sterilised seawater (UViVF-9, 30 W) and transferred to 10 L containers of seawater treated as before.
Samples of newly hatched larvae were collected shortly after hatching and fixed/stored in 5% formalin in seawater. The lengths of 25 larvae were measured from the anterior margin of the cephalic shield between the eyestalks, i.e., anterior tip of the cephalothorax, to the posterior point of the abdomen. Measurements to the nearest lm were made with the imaging software Leica IM1000, which acquired the image via a Leica DC300 digital camera attached to a Leica MZ7.5 dissecting microscope.
Approximately 3000 newly hatched (day 0) phyllosoma were collected from each of the 21 females for lipid and protein analysis. The samples of phyllosoma were treated as previously described for the eggs.
Larval Competency
Triplicate samples of 20 phyllosoma from each spawning female were held in 200 mL of filtered (1-lm mesh), UV-sterilised seawater at 208C without food. The larvae were checked daily by counting and transferring live individuals to a fresh container. Once 50% mortality was reached, the remaining live phyllosoma were collected and measured. Larval competency for each female, for each site, was taken as the mean number of days it took for half the phyllosoma to die.
Protein Analysis
Samples of eggs and phyllosoma were lyophilized. Water content was determined gravimetrically. Samples of lyophilized aliquots were homogenized in 6% trichloroacetic acid using a Lowry et al. (1951) technique as modified by Clayton et al. (1988) . The absorbance at 750 nm of the final supernatant was measured with a Beckman Coulter DU530 Life Science UV/Vis spectrophotometer and the protein content was determined by comparison with the accompanying Bovine Serum Albumin standard curve.
Lipid Class and Fatty Acid Analysis
Samples were extracted and analysed as described by Nelson et al. (2004) . Briefly, eggs and larvae were quantitatively extracted overnight with a modified Bligh and Dyer (1959) one-phase methanol-chloroform-water extraction. Total lipid was determined gravimetrically. An aliquot of the total lipid was analysed with an Iatroscan MK V TH10 thin-layer chromatography-flame-ionization detector (Tokyo, Japan) to quantify individual lipid classes (Ackman, 1981; Volkman and Nichols, 1991) .
An aliquot of the total lipid was trans-methylated with methanolchloroform-hydrochloric acid to produce fatty acid methyl esters (Christie, 1982) . Gas chromatographic (GC) analyses were made with a Hewlett Packard 5890A GC (Avondale, Pennsylvania, USA) equipped with an HP-5 cross-linked methyl silicone fused silica capillary column (50 m 3 0.32 mm i.d.). Individual components were identified through mass spectral data and also by comparing retention times with those obtained for authentic and laboratory standards. GC-mass spectrometric analyses were made on a Finnigan Thermoquest GCQ GC-mass spectrometer (Austin, Texas, USA) fitted with a capillary column similar to that described above.
Data Analysis
ANCOVA was used to determine whether: i) the relationships between carapace length and either, size of early-stage eggs, phyllosoma competency and phyllosoma length-at-hatch differed between maternal location of capture; and ii) whether the relationships between phyllosoma Fig. 1 . The areas on the Western Australian coast, from where pre-spawning female P. cygnus used in this study were collected. competency and phyllosoma length-at-hatch differed between maternal location of capture.
The ; phyllosoma competency (2-3, 4-8 and 10-17 days); and phyllosoma length-at-hatch (1570-1615, 1620-1640 and 1650-1700 lm total length). All FA that contributed on average less than 0.5% or 1 mg g À1 to the qualitative and quantitative FA compositions of the eggs and newly hatched phyllosoma, were excluded from subsequent statistical analyses. The remaining suite of FA, which were well represented in the samples, comprised 20:4(n-6) (arachidonic acid, AA); 16:0; 18:1(n-9)c [with 18:3(n-3)]; 20:5(n-3) (eicosapentaenoic acid, EPA); 18:0; 22:6(n-3) (docosahexaenoic acid, DHA); 18:1(n-7)c; 16:1(n-7)c; 20:2(n-6); 22:4(n-6); 22:5(n-3); 20:1(n-9)c; 18:2(n-6); i17:0, 22:0; 20:0; 15:0; C 22 (poly unsaturated fatty acid, PUFA); 14:0; 17:0; 20:1(n-11)c; 20:3(n-6); and 22:5(n-6).
The suite of FA was classified by hierarchical agglomerative cluster analysis using group-averaging linking, before being ordinated by non-metric multidimensional scaling (MDS). Both procedures used the PRIMER v5 package (Clarke and Gorley, 2001) . Before these analyses, the qualitative and quantitative LC and FA compositions of both egg and phyllosoma samples were, respectively, square root and log-transformed, the BrayCurtis similarity measure was used to construct the similarity matrix. Analysis of similarity (ANOSIM) was used to test whether the LC and FA compositions differed significantly among maternal size classes or maternal catch site. Similarity percentages (SIMPER) were used to determine which LC or FA contributed most to any dissimilarity between groups (Clarke, 1993).
RESULTS
Egg and Phyllosoma Size Measurements and Phyllosoma Competency
The diameters of the early-stage eggs and the lengths and competencies of the phyllosoma are presented by capture location and maternal size class in Figs. 2a, b, c and d. In all cases, egg diameter, phyllosoma competency and phyllosoma length-at-hatch did not differ significantly (P . 0.05) between site of maternal capture or maternal size class. The slight downward and upward trends in larval competency and larval length-at-hatch, respectively, with increasing maternal carapace length, are far from significant and are merely products of a small sample size, i.e., n ¼ 21.
Lipid Composition
The mean total lipid content of the eggs sampled at the three sites was 134 mg g À1 dry mass and this decreased in the day 0 phyllosoma larvae to 63% of the egg values (84 mg g À1 dry mass) ( Table 1 ). The mean lipid value for day 0 phyllosoma in this study was nearly twice that previously reported for P. cygnus by Liddy et al. (2004) (43-54 mg g À1 dry mass), but close to that reported for Jasus edwardsii (87-155 mg g À1 dry mass) (Nelson et al., 2003; Ritar et al., 2003; Nelson et al., 2004) .
The main LC in all eggs and phyllosoma was polar lipid (86% of mean total lipid), followed by sterol, which was slightly more abundant in day 0 phyllosoma (11%) than in eggs (8%) ( Table 1) . Triacylglycerol was more abundant in eggs (4%) than in phyllosoma (0.4%). Wax ester, free fatty acids and diacylglycerol were present in only minor proportions. The relative proportions of lipids in the different classes were consistent with those recorded for day 0 phyllosoma of P. cygnus (Liddy et al., 2004) and J. edwardsii (Phleger, 2000; Phleger et al., 2001; Nelson et al., 2003; Nelson et al., 2004) .
The qualitative (%) and quantitative (mg g À1 ) LC compositions of eggs and newly hatched phyllosoma were shown by ANOSIM to differ significantly (P , 0.02) in only one of the six groupings: the quantitative composition of eggs from different maternal size classes ( Table 2 ). The MDS plot of each maternal size-class grouped all points relating to the largest size-class below those of the medium size-class, with most of those in the smallest size-class lying above and to the left (Fig. 3) . SIMPER showed that polar lipid contributed the most to the total concentrations of lipids in the eggs in the three maternal size-classes. Mean polar lipid and sterol concentrations increased progressively with increasing maternal size-class. The dissimilarities between the three maternal size-class groupings had similar magnitudes, ranging from 10.7-13.0% (Table 3 ). The LC that contributed most to the dissimilarity between each of the three size classes are shown in Table 3 .
Fatty Acid Composition
The percentage FA composition of eggs and phyllosoma are shown in Table 4 . Dominant FA in both egg and phyllosoma were: AA (15-20% of total FA); 16:0 (12-16%); EPA (10-13%); 18:1(n-9)c (8-14%); 18:0 (10-12%); DHA (6-10%); 16:1(n-7)c (2-5%) and 18:1(n-7)c (4%). Absolute FA content decreased from egg to phyllosoma.
The qualitative (%) composition of FA differed significantly between both eggs and newly hatched phyllosoma grouped by maternal catch site/size class ( P ¼ 0.02 and 0.003, respectively). The quantitative (mg g À1 ) FA composition also differed significantly with maternal catch site/size class, but only in the case of newly hatched phyllosoma ( P ¼ 0.01) ( Table 2) . When grouped by the four other factors, i.e., maternal capture site, maternal size class, larval competency and larval length, neither the qualitative nor quantitative FA compositions differed significantly (P . 0.05) in either the eggs or newly hatched phyllosoma (Table 2) .
MDS ordination of the qualitative FA composition of the eggs, grouped by maternal catch site/size class, aggregated the points representing large coastal females towards the middle to upper right of the plot, medium-sized coastal females in the centre, medium-sized island females to the centre-left and small-sized island females towards the bottom right (Fig. 4) . The use of SIMPER showed that palmitic acid (16:0) typified the four maternal catch site/size class groups. The dissimilarities between each of the four maternal capture site/size class groupings had similar magnitudes, ranging from 5.9 to 7.6% (Table 5 ). The FA that contributed most to the dissimilarity between each of the four maternal capture site/size-classes are shown in Table 5 .
The FA composition of the newly hatched phyllosoma also differed more substantially between maternal capture site/size class when using qualitative (%) rather than quantitative (mg g À1 ) data. MDS ordination of the qualitative FA composition of newly hatched phyllosoma, grouped by maternal capture site/size-class, aggregated the points representing all coastal females from the top left (large-sized) to the bottom right (medium-sized). The points representing the small-sized maternal size classes from the islands were grouped below and to the left, while those of the mediumsized from the islands were spread across the centre of the plot (Fig. 5) . SIMPER showed that the four maternal capture site/size-class groups were all typified by the same FA: 20:4(n-6) AA. The average dissimilarities between each of the four maternal capture site/size-class groupings were small, ranging from 4.6 to 5.7, and slightly lower than those recorded in the eggs (Table 6 ). The FA that contributed most to the dissimilarity between each of the four maternal capture site/size-classes is shown in Table 6 .
Protein Content
The mean protein content of egg (224.8 6 9.2 mg g À1 ) and day 0 phyllosoma (253.8 6 4.0 mg g À1 ) samples collected from coastal sites did not differ significantly ( P . 0.05) from those collected at the Abrolhos Islands (214.1 6 7.5 and 243.9 6 8.1 mg g À1 , respectively). The mean protein content in the eggs (218.7 6 5.8 mg g À1 ) was significantly ( P , 0.001) different than that in day 0 phyllosoma (248.6 6 2.8 mg g
À1
).
Water Content
There was no significant difference in water content between eggs or day 0 phyllosoma sampled at the coast and island sites, or the two maternal size classes. The mean water content of the eggs was 22%; it decreased to ;15% in early stage phyllosoma.
DISCUSSION
Lipids, and to a lesser extent proteins, have been shown to be the major energy-rich fuel for larval development in a range of decapod species (Roustaian et al., 2001 , Lovrich et al., 2003 , Anger and Moreira, 2004 .
Overall, there was limited indication from either the qualitative or quantitative composition of lipids in eggs and early-stage phyllosoma to suggest that the composition might have been influenced by maternal size or capture site. The significant (P , 0.02) differences in the qualitative composition of the LC in eggs from the three maternal sizeclasses were not apparent in the phyllosoma that hatched from the same batches of eggs. Furthermore, the LC responsible for the apparent dissimilarity between egg samples Table 1 . Lipid class composition (%) and total lipid content (mg g À1 ) of western rock lobster eggs and phyllosoma. Presented as mean 6 SE. Table 2 . R-statistics and significance levels from ANOSIM for the qualitative (%) and quantitative (mg g À1 ) measures of lipid class and fatty acid compositions of Panulirus cygnus eggs and newly hatched phyllosoma from two maternal catch sites, three maternal size classes, four maternal capture site/size-class groupings, three phyllosoma competency levels and three phyllosoma length-at-hatch size-classes. * P , 0.05, ** P , 0.01, *** P , 0.001. from the three maternal size-classes were not consistent: depending on the size class, triacylglycerol, polar lipid or sterol concentrations were responsible. Differences in the qualitative and quantitative composition of FA in the eggs and phyllosoma were more consistent than the differences in LC; the interaction of capture site/ size-class was a significant determinant of FA composition in eggs and phyllosoma. Also, there was some consistency in the FA responsible for the dissimilarities in the FA composition of eggs and phyllosoma in the four maternal capture site/size-class groups, with 18:2(n-6) and 20:1(n-9)c occurring in both (see Tables 5 and 6 ). However, as with the LC analysis, there was no consistency in the dissimilarities of FA composition when viewed across different capture site/size-class groups.
Our interpretation, therefore, is that P. cygnus generally can conserve egg and in particular larval LC and FA profiles, independent of the maternal size and catch site. A minor exception is observed with TAG (4.2% in eggs), with this storage lipid class rapidly depleted on hatching. For the other lipid classes, predominately PL in P. cygnus, this would involve using key PUFA sparingly and maintaining other FA proportions to ensure the essential PUFA profiles are maintained in the phyllosoma. This finding is consistent with the report by Smith et al. (2004) on the influence of diet on lipid and FA composition in Jasus edwardsii broodstock. Those authors showed that for broodstock fed either squid or beef-based diets for 5 months, the lipid and fatty acid compositions of ovary and hatched phyllosoma were both similar. There was no indication from quantitative or qualitative analyses of either LC or FA composition in this study to suggest that they influenced larval competency or length-at-hatch.
Mean protein content increased in the development from eggs to larvae, probably due to the development of proteindominated tissues such as integument, muscle and nervous systems, in the larvae. It is well known that lipid reserves are utilised preferentially by decapod larvae (Anger, 2001) . We consider that this would make protein content a less likely indicator than mean lipid content, of potential larval competency in P. cygnus.
The fact that overlapping sizes represented at both the coastal and island sites and also the maternal sizes represented only on the coast had similar phyllosoma competency suggests that neither the site at which the maternal lobster spawns, nor its size, nor the size of larvae at hatch is a good indicator of larval competency. It seems more likely that larval competency depends on the condition of the maternal parent initially, and then presumably also the Table 4 . Percentage fatty acid composition of western rock lobster eggs and phyllosoma larvae. Presented as mean 6 SE; n specified in Table 1 ; AA, arachidonic acid; EPA, eicosapentaenoic acid; DHA, docosahexaenoic acid; SFA, saturated fatty acids; MUFA, monounsaturated fatty acids; PUFA, polyunsaturated fatty acids; Other includes components present at ,1%. 3 6 0.1 18:1(n-9)c(þ18:3(n-3)) 13.7 6 0.2 11.6 6 0.2 13.8 6 0.5 11.8 6 0.2 14.3 6 0.5 11.8 6 0.5 12.9 6 0.2 11.1 6 0.2 13.4 6 0.2 11.6 6 0.2 18:1(n-7)c 3.9 6 0.1 3.9 6 0.1 3.8 6 0.1 3.8 6 0.1 4.0 6 0.1 4.1 6 0.2 3.9 6 0.1 3.9 6 0.1 4.1 6 0.1 4.0 6 0.1 18:0 9.5 6 0.1 11.0 6 0.1 9.9 6 0.3 11.3 6 0.1 9.5 6 0.2 11.1 6 0.1 9.3 6 0.1 11.2 6 0.1 9.4 6 0.4 10.7 6 0.2 20:4(n-6) AA 14.5 6 0.3 17.8 6 0.3 14.2 6 0.6 17.2 6 0.4 15.0 6 0.3 19.0 6 0.5 13.4 6 0.3 16.6 6 0.6 15.0 6 0.7 18.3 6 0.2 20:5(n-3) EPA 9.6 6 0.2 11.6 6 0.2 10.2 6 0.5 12.2 6 0.4 9.0 6 0.4 11.1 6 0.3 10.3 6 0.5 12.4 6 0.4 9.2 6 0.4 10.7 6 0.3 20:2(n-6) 1.6 6 0.1 2.1 6 0.1 1.5 6 0.1 2.0 6 0.1 1.5 6 0.1 2.0 6 0.1 1.6 6 0.2 2.3 6 0.2 1.7 6 0.1 2.2 6 0.1 20:1(n-9)c 1.5 6 0.1 1.5 6 0.0 1.5 6 0.1 1.6 6 0.1 1.4 6 0.1 1.4 6 0.0 1.1 6 0.0 1.1 6 0.1 1.7 6 0.1 1.6 6 0.1 22:6(n-3) DHA 5.9 6 0.3 7.4 6 0.3 6.2 6 0.6 7.7 6 0.5 5.5 6 0.6 6.9 6 0.7 6.1 6 0.6 7.7 6 0.3 6.1 6 0.6 7.2 6 0.5 22:4(n-6) 2.2 6 0.1 1.5 6 0.1 2.2 6 0.1 1.5 6 0.1 2.3 6 0.2 1.6 6 0.1 2.3 6 0.4 1.5 6 0.2 1.9 6 0.1 1.4 6 0.1 22:5(n-3) 1.8 6 0.1 1.3 6 0.1 1.7 6 0.1 1.3 6 0.1 1.8 6 0.2 1.5 6 0.2 1.6 6 0.1 1.1 6 0.1 1.9 6 0.2 1.4 6 0. 18.0 6 0.4 20.9 6 0.4 18.7 6 0.7 21.7 6 0.6 16.9 6 0.9 20.1 6 0.8 18.8 6 0.9 21.9 6 0.6 18.0 6 0.9 20.0 6 0.6 Sum (n-6) 21.0 6 0.3 24.0 6 0.3 20.5 6 0.5 23.1 6 0.3 21.4 6 0.4 25.0 6 0.5 20.2 6 0.8 23.1 6 0.9 21.7 6 0.9 24.8 6 0.3 Ratio (n-3)/(n-6) 0.9 0.9 0.9 0.9 0.8 0.8 0.9 0.9 0.8 0.8 Ratio EPA/AA 0.7 0.6 0.7 0.7 0.6 0.6 0.8 0.7 0.6 0.6 Ratio DHA/EPA 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.7 0.7 Total mg g À1 58.3 6 3.5 43.3 6 1.5 66.1 6 10.3 43.8 6 2.5 48.5 6 4.6 37.5 6 5.0 56.1 6 7.5 44.1 6 1.3 63.3 6 3.7 47.1 6 0.8 AA mg g À1 8.5 6 0.6 7.7 6 0.3 9.5 6 1.7 7.5 6 0.4 7.3 6 0.7 7.1 6 0.9 7.5 6 1.0 7.3 6 0.2 9.5 6 0.7 8.6 6 0.2 EPA mg g À1 5.6 6 0.4 5.0 6 0.2 6.6 6 0.9 5.3 6 0.2 4.3 6 0.2 4.2 6 0.6 5.8 6 0.9 5.5 6 0.3 5.8 6 0.5 5.0 6 0.1 DHA mg g À1 3.4 6 0.3 3.2 6 0.1 4.0 6 0.6 3.3 6 0.2 2.6 6 0.3 2.5 6 0.4 3.4 6 0.5 3.4 6 0.2 3.9 6 0.5 3.4 6 0.2 availability and abundance of food in the environment into which the phyllosoma hatch. On the Abrolhos Islands, the food sources of the adult lobsters are typically those found in coral reef surroundings, in contrast with food available to the coastal animals that mostly inhabit cooler water habitats. The smaller size-at-maturity of Abrolhos lobsters has been noted above. It is relevant here to consider the research by Smith et al. (2004) . They showed that J. edwardsii broodstock caught in the wild or raised in captivity and fed very different diets (squid or beef-based), with markedly different FA profiles, produced larvae similar in size at hatching with similar FA profiles. However, the larvae grew at different rates. By stage IV, larvae from wild-caught broodstock were both significantly larger and had significantly greater survival rates than larvae from captive-held broodstock. Likewise, Liddy et al. (2004) showed that in P. cygnus, different LC and FA assumed importance as the larvae progressed through developmental stages. The implication from that study, therefore, is that early-stage larvae showing differences in their biochemical makeup could have different responses to starvation at later stages in their larval development, although much would depend on the larva's diet as it developed.
A factor that has not been considered in this study is the paternal contribution to the genetic makeup of the larvae. Paternity affects early life-history traits in fish (Panagiotaki and Geffen, 1992; Reynolds and Gross, 1992; Rideout et al., 2004) . The unknown paternal contribution to the parentage of the larvae used in this study may explain some of the variation in those factors examined.
In summary, all differences in biochemical composition and phyllosoma competency between maternal size and their catch sites were small and mostly non significant. Our results suggest that the quality of larvae produced by individual females may be more important in influencing larval competency in P. cygnus than the maternal attributes (size and catch site) that were tested. The factors responsible for producing differences in larval competency at the level of individual animals is unclear; the differences may be due to the female's physiological condition at the time of spawning, which could be influenced by, for example, previous dietary intake and moulting or spawning history. Additionally, the influence of parental genetic make-up cannot be ignored. Isolating these many possible influences will be a challenging prospect for future research. Coast large -20:4(n-6) AA 18:2(n-6) 18:1(n-9)c (þ18:3(n-3)) Coast medium 6.68 -22:4(n-6) 20:1(n-9)c Islands medium 5.85 7.61 -18:2(n-6) Islands small 6.24 6.51 6.97 - 
